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Abstract
The use of municipal sludge in agriculture on a longer period leads inevitably to changing of some physical, 
chemical and biological soil properties. The amount of sludge that can be administered is subjected to a number 
of factors like: land orography, morphological, chemical and physical soil properties, but the decisive factor is the 
heavy metal content in the soil and sludge amount to be applied. Thus it was found that after a period of four years, 
the application of an amount of 230 t sludge/ha resulted in a decrease of 13% in clay fraction, which decreased 
by 4% the bulk density and a ϐield capacity increase by 2%. At the same time changes were observed in terms of 
attributes and chemical composition of the soil: pH increases by 0.7 units, humus content increase by 7%, nitrogen 
30%, phosphorus by 228%, 2% potassium and the largest increase was recorded in heavy metal content of the soil 
compared to the control. Cd concentration increased by 92%, Cu 123%, Cr 94%, Ni 31%, 143% Zn, Hg 100% and 
the highest increase was recorded in the Pb content, respectively 154%.
Keywords: municipal sludge, heavy metals, pollution.  
INTRODUCTION   
The amount of sludge resulting from waste-
water treatment plants is increasing from year 
to year therefore it is necessary to ϐind solutions 
to neutralize their ecological and economical 
properties.
Application of municipal sludge in agriculture 
is an effective method of recycling organic waste 
from tailings stations (Calciu and Dumitru, 2005).
Sludge dosage that can be administered and its 
value as a fertilizer, is diminished by the presence of 
pollutants and heavy metals (Schmidt, 1997; Henning 
et al., 2001), thereby infl uencing both quantitative and 
especially qualitative agricultural production. In order 
to be applied on agricultural lands, sludge must 
meet certain conditions: must not be a source of 
infection with pathogens, pollutants content must 
not exceed the maximum limits (Schmidt,1997). 
Besides these considerations it is necessary to 
apply the most appropriate technology - choosing 
a suitable soil dosage and timing of application to 
meet crop rotation (Mihalache et al., 2006).
Also, long-term use of municipal sludge in 
agriculture as a fertilizer, inevitably leads to the 
accumulation of heavy metals in the soil but also 
in biomass over the limits (Chambers, 2002), 
being one of the biggest risks of pollution in the 
agricultural practice.
Prevention of exceeding the maximum per-
missible concentrations requires periodic monito-
ring of the soil and sludge used (Korentejar,1991; 
Dumitru et.al., 1993; Chambers, 2012).
This study has as main goal the tracking of 
physical and chemical soil properties following the 
application of sewage sludge on a molic aluviosol, 
for a period of four years.
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MATERIALS AND METHODS   
The proposed plot of land for the application 
of sludge from the treatment plant Cluj-Napoca is 
located in the physical-geographical corridor of 
Small Somes, its ϐloodplain terrace, at a distance 
of about 1600 m of the built area of Cluj-Napoca, 
near the tramway depot.
From the pedological point of view the soil is 
a speciϐic one identiϐied as river meadow, molic 
aluviosol, pedologicaly following the next formula: 
Am 0-31cm, A/C – 31-52 cm, Ck
1
 52 -83 cm, Ck
2
 
83-120 cm. It presents a glomerular structure in 
the ϐirst horizon, sub-angular polyhedral in the 





Following the evolution of physico-chemical 
indicators was conducted over a period of four 
years, the application of 230 t/ha/year of sludge 
from the wastewater treatment plant Cluj-Napoca. 
Physico-chemical properties were determined 
before and after the application of sludge from 
three sampling points at a depth of 30 cm, while 
the determination of heavy metals was made 
to the material from the decanting station. Soil 
texture was determined by the method Kacinski, 
total nitrogen - Kijeldahl, mobile phosphorus and 
potassium - colormetric, ph - potentiometric, 
humus - Walklez-Black, coefϐicient of hygroscopic - 
Mitscherlich, total porosity, wilting coefϐicient and 
ϐield capacity by calculation, heavy metals - the 
disintegration wet-mix of strong acids, followed 
by determination using the atomic absorption 
spectrometry with the spectrophotometer Perkin 
Elmer Elan DRC II.
RESULTS AND DISCUSSIONS   
In determining the suitability of land for 
for the application of sludge arising from the 
treatment plant from the unincorporated area of 
Cluj-Napoca, we took into account soil suitability 
criteria for evaluating the application of sewage 
sludge as required by law.
These criteria include both elements of 
the terrain orography and some physical and 
chemical features of the ground. Thus, the factors 
that determine the suitability of land for sewage 
sludge application are: terrain topography, slope, 
soil texture, permeability, global drainage, threat 
of erosion, water usable capacity, groundwater 
depth, edaphic useful volume, soil pH, cation 
exchange capacity and and not least the heavy 
metal content of the soil .



















Clay CH CO CC CU
Am 0-30 11.5 37.5 12.2 10.0 30.3 1.35 50 6.0 9.0 20 11
Am 0-30 10.5 34.4 10.0 10.4 34.7 1.26 53 8.6 12.9 23 10.1
Am 0-30 9.3 41.3 7.3 9.0 33.4 1.32 51 8.5 12.75 23 10.25
Note: DA –bulk density, PT – total porosity, CH – coefϐicient of hygroscopicity, CO – wilting coefϐicient, CC – ϐield capacity, CU – 
usable water capacity.




















Cd Cu Cr Ni Pb Zn Hg
Am 0-30 6.91 4.01 0.136 21 187 0.13 20 8.10 20 21 105 0.10
Am 0-30 6.93 3.86 0.143 20 188 0.12 21 8.16 21 19 101 0.10
Am 0-30 6.96 3.98 0.158 17 161 0.13 17 8.11 17 26 102 0.12
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Physical and hydro properties of the soil 
before applying sludge are shown in Table 1.
In Table 2 are shown the chemical characteri-
zation of soil elements: pH, content of humus, 
nitrogen, phosphorus, potassium, and heavy metal 
content of sludge before application.
From the table above follows that the soil 
on which is to be administered sludge, does not 
contain heavy metals above the maximum limit 
allowed: 3 mg/kg Cd, 100 mg/kg Cu, 100 mg/kg 
Cr, 50 mg/kg Ni, 50 mg/kg Pb, 300 mg/kg Zn and 
1 mg/kg Hg.
In order to determine the amount of sludge 
needed and the determination of heavy metal 
content:
In table 4 are presented the limiting factors 
that determine the suitability of the land taken in 
the study of sludge application. As observed, the 
edaphic medium volume and high permeability 
of soil are elements that have a fairly high degree 
of restriction, but do not exclude the land from 
the management station from materials from 
decantation.
After applying the sludge over a period of four 
years, at a dose of 230 t/ha/year and incorporating 
it into the soil by deep plowing, ϐirst changes were 
observed in terms of argillaceous fraction size 
analysis. Thus the percentage of clay (under 0.002 
mm fraction) decreased on average by 13%, due 
to sandy texture of sludge applied. This lowers the 






Cadmiu (Cd) 0.29 10
Cupru (Cu) 33 500
Crom (Cr) 32.8 500
Nichel (Ni) 6.2 100
Plumb (Pb) 35 300
Zinc (Zn) 131 2000
Mercur  (Hg) 0.19 5










- - - -





4 Soil permeability high - -




6 Risk of erosion absent - - -
7 Useful water capacity medium - - -
8 Groundwater depth - - medium -




11 Cation exchange capacity - high - - -
12 Heavy metal load - 20-40% - - -
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apparent density by 4%, while increasing pore 
space between soil particles. In addition sludge 
fertilization leads to increase of soil porosity 
in the case of the ϐield studied by 3.9%, and the 
modiϐication of hydro indices, especially ϐield 
capacity by 2% and usable water capacity by 13% 
(Table 5).
Regarding changes on humus and potassium 
content increases are modest: 7 and 2%, but 
substantially the changes were observed in 
phosphorus, where growth has exceeded 220%. 
In addition pH has a signiϐicant increase by 0.7 
units. Basically limed sludge had the role of an 
amendment.
The most signifi cant changes were recorded 
however in the increase of heavy metal content in 
soil. The concentration of Cadmium (Cd) recorded an 
increase of 92%, Copper (Cu) 123% Chromium (Cr) 
94%, Nickel (Ni) 31%, Zinc (Zn) by 143%, Mercury 
(Hg) by 100% and the largest increase was recorded 
for Lead (Pb) of 154%. None of these elements 
however exceeded the maximum load allowed (Fig. 
1, 2, 3).
 CONCLUSION   
Application of sewage sludge produced after 
a relatively short period changes both regarding 
physical and hydro properties of soil as well as its 
chemical composition.
Thus, after a period of four years, the 
application of an amount of 230 t/ha/ year on a 
molic aluviosol resulted in decreased clay fraction, 
decreased bulk density, followed by increasing of 
soil porosity. Among the hydro-physical indicators 
showed a modest increase the ϐield capacity and 
usable water capacity.
More profound are the changes of chemical 
nature: the pH increased signiϐicantly, similar to 
the effect of applying limestone amendments. 
This was because the sludge from the treatment 
plant was treated with lime. The content of humus 
and microelements underwent modest changes, 
except for phosphorus.
Fertilization with sewage sludge however 
resulted in a substantial accumulation of heavy 
metals, with increases ranging between 31% and 
154%, but without being exceeded the maximum 
admissible level. In order not to exceed the 



















Clay CH CO CC CU
Am 0-30 19.87 39.56 5.96 9.69 24.91 1.30 52 7.2 10.8 24 13.2
Am 0-30 11.78 40.49 4.90 8.93 27.90 1.21 55 9.7 14.5 25 10.5
Am 0-30 4.54 35.69 9.74 17.08 32.95 1.29 52 9.4 14.1 26 11.9














Am 0-30 7.76 4.13 0.196 56 191
Increase compared to the 
control %
- 2.99 44 166 2
Am 0-30 7.88 4.31 0.174 71 189
Increase compared to the 
control %
- 11.65 20 255 0.5
Am 0-30 7.92 4.17 0.198 62 167
Increase compared to the 
control %
- 4.77 25 264 3.7
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Fig. 1. Sludge fertilization effects: the increase of the cadmium and copper
Fig. 2. Sludge fertilization effects: increased content of chromium and nickel
Fig. 3. Sludge fertilization effects: the increase of lead and zinc
BAKOS et al
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maximum permissible values  is very important 
that in addition to the analysis of pollutants of 
sludge and soil where it is to be applied, to be 
given importance for the measurement of soil 
suitability, given its physicochemical properties 
and orographic factors of the land.
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